Introduction
Of an estimated 33.4 million people living with human immunodeficiency virus (HIV) infections worldwide, approximately 22.4 million live in sub-Saharan Africa and, of these, 1.5 million live in Kenya. 1 Most HIV transmission in sub-Saharan Africa and Kenya is heterosexual. In the past two decades, observational studies have provided evidence that male circumcision has a protective effect against HIV infection and sexually transmitted infections in general. 2, 3 In addition, three randomized controlled trials indicated that male circumcision reduces the acquisition rate for HIV infection by approximately 60%. [4] [5] [6] Consequently, the World Health Organization (WHO) and the Joint United Nations Programme on HIV/AIDS (UNAIDS) recommended that countries include male circumcision as part of HIV prevention interventions and expand its implementation, prioritizing areas with a low male circumcision rate and a high prevalence of HIV infection. 7 Kenya's population comprises over 40 ethnic groups, many of which have a cultural tradition of male circumcision. However, despite a high rate of migration from rural to urban areas and the resulting heterogeneous mixing of people with different ethnic and cultural practices, individuals' cultural and religious practices, including their attitude to circumcision, tend to remain unchanged. The 2003 Kenya Demographic Health Survey estimated that 84% of men in the country were circumcised: the rate ranged from 46.4% in Nyanza province to 100% in North Eastern Province. 8 Optimizing the expansion of male circumcision services depends on having nationally representative data on the size of the population and the distribution of uncircumcised men and on their demographic characteristics and sexual behaviour. Suitable data only became available with the 2007 Kenya AIDS Indicator Survey, which was used by the Kenyan Ministry of Public Health and Sanitation to develop a national strategy for male circumcision in 2009. 9 The aim was to circumcise 80% of all eligible men aged 15 to 49 years between 2009 and 2013 and, consequently, to avert an estimated 100 000 HIV infections over 10 years. 10 The male circumcision strategy targets men in four provinces with relatively large male adult populations where traditionally few men are circumcised (i.e. Nairobi, Nyanza, Rift Valley and Western Province). 9 The strategy involves a phased approach over more than 10 years in which progressively younger males are circumcised, starting with men aged 15 years and older in regions with a high prevalence of HIV infection and a low circumcision rate and concluding with infant circumcision, where acceptable (personal communication, Kenyan Ministry of Public Health and Sanitation).
Objective To provide guidance for male circumcision programmes in Kenya by estimating the population of uncircumcised men and investigating the association between circumcision and infection with the human immunodeficiency virus (HIV), with particular reference to uncircumcised, HIV-uninfected men. Methods Data on men aged 15 to 64 years were derived from the 2007 Kenya AIDS Indicator Survey, which involved interviews and blood collection to test for HIV and herpes simplex virus 2 (HSV-2). The prevalence of HIV infection and circumcision in Kenyan provinces was calculated and the demographic characteristics and sexual behaviour of circumcised and uncircumcised, HIV-infected and HIV-uninfected men were recorded. Findings The national prevalence of HIV infection in uncircumcised men was 13.2% (95% confidence interval, CI: 10.8-15.7) compared with 3.9% (95% CI: 3.3-4.5) among circumcised men. Nyanza province had the largest estimated number of uncircumcised, HIV-uninfected men (i.e. 601 709), followed by Rift Valley, Nairobi and Western Province, respectively, and most belonged to the Luo ethnic tribe. Of these men, 77.8% did not know their HIV status and 33.2% were HSV-2-positive. In addition, 65.3% had had unprotected sex with a partner of discordant or unknown HIV status in the past 12 months and only 14.7% consistently used condoms with their most recent partner. However, only 21.8% of the uncircumcised, HIV-uninfected men aged 15 to 19 years were sexually active.
Conclusion
The Kenyan male circumcision strategy should focus on the provinces with the highest number of uncircumcised, HIV-uninfected men and target young men before or shortly after sexual debut.
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We conducted an in-depth analysis of national male circumcision data from the 2007 Kenya AIDS Indicator Survey with the aim of: (i) describing the prevalence of male circumcision in Kenya and the association between the prevalence of circumcision and the prevalence of HIV infection; (ii) describing the demographic characteristics and sexual behaviour of circumcised, uncircumcised, and uncircumcised HIV-uninfected men in Kenya; (iii) estimating the number of circumcised, uncircumcised, and uncircumcised HIV-uninfected men in Kenya; and (iv) deriving implications for male circumcision planning in Kenya. Although the national circumcision strategy targets both HIV-infected and HIV-uninfected men, 9 our analysis paid particular attention to uncircumcised, HIV-uninfected men since there is little evidence that circumcising uncircumcised HIV-infected men reduces the risk of HIV transmission to sexual partners.
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Methods
The 2007 Kenya AIDS Indicator Survey involved a representative sample of households from all eight provinces in Kenya and was carried out between August and December 2007. 12 It was designed to provide national and provincial data on the sociodemographic, behavioural and biological correlates of HIV infection. 13 All individuals aged 15 to 64 years who were either usually resident in the selected households or visiting the household on the night before the survey were eligible to participate. Interviewers obtained information on the participants' demographic characteristics and sexual behaviour using a structured questionnaire. In addition, a venous blood sample was taken to test for the presence of HIV or herpes simplex virus 2 (HSV-2) infection. All those who participated in the interview and gave a blood sample provided informed consent. The study was approved by the Kenya Medical Research Institute's ethical review committee and the institutional review board of the Centers for Disease Control and Prevention in the United States of America (USA).
The interviewers obtained information on: (i) male circumcision, including whether, where and by whom it had been performed and age at circumcision; (ii) self-reported HIV status, based on the results of previous HIV testing; (iii) consistent condom use with the most recent sexual partner in the last 12 months, where consistent use was defined as using a condom each time the respondent had sexual intercourse with this partner; (iv) the number of sexual partners of unknown or discordant HIV status, based on the self-reported HIV status of partners, in the last 12 months; and (v) unprotected sex with a partner of unknown or discordant HIV status during at least one of the three most recent sex acts in the last 12 months. Individuals who performed male circumcision were classified as either medical practitioners, traditional practitioners or home health workers. No physical examination was conducted to verify circumcision.
Laboratory tests were performed by the Kenya National Public Health Laboratories 12 and quality assurance was carried out at the laboratory of the Centers for Disease Control and Prevention and the Kenya Medical Research Institute in Nairobi. The Vironostika HIV-1/2 test (Bio-Mérieux Diagnostics, Marcy l'Etoile, France) was used to screen for HIV infection and all samples that tested positive were confirmed using the Murex HIV.1.2.O enzyme immunoassay (Abbott Laboratories, Abbott Park, USA). Samples that gave discordant results on the two tests were retested using the two assays and, if there were two sets of discordant results, the Roche HIV DNA version 1.5 polymerase chain reaction test (Hoffmann La Roche, Basel, Switzerland) was performed. All samples that tested positive for HIV and 5% of those that tested negative were retested at the quality assurance laboratory using the same procedure. Testing for HSV 2 was carried out using the Kalon enzyme immunoassay (Kalon Biological Limited, Guildford, United Kingdom of Great Britain and Northern Ireland). All samples that tested positive were retested using the Kalon test by a second laboratory technician. For quality control, all samples that tested positive for HSV 2, 5% of those that tested negative and all those that gave indeterminate results were retested at the quality assurance laboratory using the same procedure. Samples that gave discordant results at the two laboratories were reported as indeterminate.
We calculated the number of men in Kenya who had not been circumcised from estimates of the population and of the prevalence of circumcision and HIV infection in each province. We used the 1999 Kenyan Population and Household Census to estimate the size of the adult population.
14 However, because data from the 2007 Kenya AIDS Indicator Survey on the number of uncircumcised men in some provinces included fewer than 25 observations, we calculated uncertainty bounds for the population estimates based on 95% confidence intervals (CIs) derived from survey data. All analyses were performed using the procedures for surveys in SAS software version 9.2 (SAS Institute Inc., Cary, USA). The analysis took into account the stratified cluster design of the survey and each response was weighted to take its sampling probability into account and to adjust for the nonresponse rate.
Results
Of the 19 840 individuals eligible to participate in the survey, 91% were interviewed and 80% gave blood samples. In total, 8883 were men. Of these, 7701 (86.7%) participated in the interview: 6586 (74.1%) reported being circumcised and 1092 (12.3%) reported being uncircumcised, whereas 23 (0.26%) did not report their circumcision status. Of the 1092 uncircumcised men, 979 (89.7%) were tested for HIV infection during the survey.
The overall prevalence of HIV infection in uncircumcised men was 13.2% compared with 3.9% in circumcised men Table 1 . The prevalence was substantially higher among uncircumcised men aged 25 to 54 years than in those aged 15 to 24 years and peaked among men aged 35 to 44 years at 30.2% (Fig. 1) . Table 2 shows the estimated number of men aged 15 to 64 years in the eight provinces in Kenya who were or were not circumcised or infected with HIV. The number of HIV-uninfected men who were uncircumcised at the time of the survey was estimated to be around 1.2 million, which corresponded to 13% of the total male population in Kenya aged 15 to 64 years. Nyanza and Rift Valley Provinces had the highest estimated number of uncircumcised, HIV-uninfected men (601 709 and 235 688, respectively), followed by Nairobi Province with 135 271 and Western Province with 113 692 (Table 2 ). These four provinces accounted for nearly 90% of all uncircumcised, HIV-uninfected men in the country.
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Circumcised versus uncircumcised men
The median age of the 6586 circumcised men included in the survey was 32 years (interquartile range, IQR: 23-45) and their median age at the time of circumcision was 13 years (IQR: 10-16 years). The median time since circumcision was 20 years (IQR: 10-32). Overall, 83.9% (95% CI: 82.5-85.3) were circumcised under the age of 25 years and 1.7% reported being circumcised at 1 year of age or younger. Most circumcised men lived in rural areas, had completed at least primary education, were currently married or cohabiting with a partner and had never been tested for HIV ( The median age of the 1092 uncircumcised men included in the survey was 26 years (IQR: 18-40). The majority lived in rural areas and almost half did not complete primary education (Table 1 ). In addition, almost half of all uncircumcised men were unmarried, the majority came from the Luo ethnic tribe and most had never been tested for HIV. Overall, 40.7% were infected with HSV 2. Among sexually-active, uncircumcised men, 83.9% reported that they did not consistently use a condom with their most recent partner, 79.8% had at least one partner of unknown or discordant HIV status in the last 12 months and 63.1% had unprotected sex with a partner of unknown or discordant status in the last 12 months.
Compared with circumcised men, uncircumcised men were younger, less well educated, less likely to be married or cohabitating with a partner and more likely to be infected with HSV 2 (P < 0.0001 for all; Table 1 ). Uncircumcised men were more likely to report consistent condom use with their most recent partner in the last 12 months (P = 0.0212) and having had two or more partners of unknown or discordant HIV status in the last 12 months (P = 0.0012). They were less likely to report unpro- tected sex and unprotected sex with a partner of unknown or discordant HIV status in the last 12 months (P = 0.0087).
Although some sociodemographic differences between circumcised and uncircumcised men, such as marital status, were influenced by the difference in median age between the groups, some differences remained statistically significant even when age was taken into account. For example, circumcised men aged 15 to 34 years were less likely than uncircumcised men of the same age to be from Nyanza province (9 Table 3 shows the sociodemographic characteristics and reported sexual behaviour of the 835 uncircumcised, HIV-uninfected men in the survey. These men are representative of the priority target group for voluntary medical male circumcision in Kenya. The median age of this group was 26 years (IQR: 18-40): 55.0% were aged under 25 years and 72.5% were aged under 35 years (Table 3) . Overall, 80.2% lived in rural areas and 93.7% had been educated to primary school level at least. In addition, 52.5% were neither married nor cohabiting with a partner at the time of the survey. Among those who were married or cohabitating, 13.7% (95% CI: 9.9-17.6) were in a polygamous marriage. In total, 63.1% were from the Luo ethnic tribe, whereas 5.5% and 6.7% were from the Luhya and Kalenjin ethnic tribes, respectively. The Kikuyu ethnic tribe, a community in which circumcision predominates, accounted for 5.8%.
Uncircumcised, HIV-uninfected men
Of the 835 uncircumcised, HIVuninfected men, 22 (2.6%) did not respond to the question on HIV status, and 77.8% reported that they did not know their HIV status (Table 3) 14.7% reported that they had consistently used a condom with their last partner and 78.2% reported they had at least one sexual partner of unknown or discordant HIV status in the 12 months before the survey. In addition, 65.3% reported unprotected sex with a partner of unknown or discordant HIV status during the three most recent sex acts in the last 12 months (Table 3 ).
Discussion
We found that the prevalence of HIV infection was three times lower in uncircumcised men than in circumcised men, which provides evidence for a strong association between circumcision and HIV infection and confirms the need for interventions to expand male circumcision in Kenya. Overall, 15% of men aged 15 to 64 years in Kenya were not circumcised in 2007 and an estimated 90% of these men lived in the Nyanza, Rift Valley, Nairobi or Western Province, which are the main target regions of the national strategy for male circumcision. Uncircumcised, HIV-uninfected men were typically young and lived in a rural area. The majority were educated to at least primary school level, were not married or cohabiting, belonged to the Luo ethnic tribe and had never been tested for HIV. Almost 80% reported having had sex with a partner of unknown or discordant HIV status in the last 12 months and few used condoms during these high-risk sex acts. However, there was a low level of sexual activity among HIV-uninfected men under 20 years of age, suggesting that, to reduce HIV transmission among newly sexually-active individuals, this age group should be targeted by the national programme for male circumcision and HIV testing, preferably before or soon after the men's sexual debut.
We found that circumcision was mainly performed during adolescence and at home, with a high proportion being performed by traditional providers. However, traditional circumcision in a nonmedical setting has been associated with a high rate of adverse events, such as bleeding or infection. 15, 16 The national strategy for male circumcision includes plans to increase the use of safer surgical practices by trained health-care workers. This will involve engaging traditional male circumcision providers and educating communities and parents on the safety benefits for preadolescent boys.
We found that the prevalence of HSV-2 infection was significantly higher in uncircumcised than circumcised men. Although it has been shown that male circumcision has a protective effect against HSV-2 and human papillomavirus infections, 3 approximately one third of uncircumcised, HIV-uninfected men in Kenya in 2007 were already infected with HSV 2. Given that the risk of infection increases with age, performing male circumcision before young men become sexually active could help reduce the risk of acquiring both HSV-2 and HIV infections. Finally, since the majority of uncircumcised men were from the Luo ethnic group, continuous engagement with elders and leaders of the Luo community could facilitate cultural acceptance of male circumcision.
Our study had limitations. First, cross-sectional surveys cannot establish a direct relationship between cause and effect. Second, physical examinations were not performed to determine whether there was any bias in the reporting of male circumcision. Third, we recorded information on whether circumcision was performed at home or in a health-care facility but not on whether it was performed as part of a community ritual, which is common practice in traditionally circumcising communities. Fourth, since sexual behaviour was self-reported, participants may have been reluctant to disclose some sexual risk factors. Fifth, some subgroup comparisons were limited by small sample sizes. Finally, due to cultural sensitivity concerning ethnic- CI, confidence interval; HIV, human immunodeficiency virus; HSV-2, herpes simplex virus 2; NA, not applicable. a Each man's response was weighted to take its sampling probability into account and to adjust for the nonresponse rate. 9, 17 In Nyanza province, implementation began in October 2008 and, by the end of September 2011, approximately 210 000 men had been circumcised, which is 50% of the target for 2014 (Athanasius Ochieng, personal communication). The use of outreach and mobile units involving dedicated teams has been recommended as the best approach for reaching men aged between 15 and 49 years in the first phase of the national strategy. 18 However, efforts will be required to increase the acceptability of male circumcision since only 65% (range: 29-87) of uncircumcised men in sub-Saharan Africa find the procedure aceptable. 19 In summary, our findings confirm that male circumcision programmes in Kenya should focus on four specific provinces, that circumcision by medical providers in traditionally circumcising regions should be increased and that comprehensive messages about the prevention of HIV transmission should be provided at the time of circumcision. In addition, our results suggest that circumcision programmes should specifically target younger men before or shortly after their sexual debut when they may still be free of HIV and HSV-2 infections. National survey data on sexual behaviour and the prevalence of HIV infection can be useful for resource allocation and for planning male circumcision programmes in subSaharan Africa in addition to providing essential data for HIV prevention. Objetivo Proporcionar orientación para los programas de circuncisión masculina en Kenia calculando la población de hombres circuncidados e investigando la relación entre la circuncisión y la infección con el virus de la inmunodeficiencia humana (VIH), haciendo alusión especial a los hombres no circuncidados ni infectados por el VIH. Métodos Los datos acerca de los hombres con edades comprendidas entre 15 y 64 años se obtuvieron de la Encuesta de indicadores del SIDA en Kenya del año 2007, que incluyó entrevistas y la recogida de muestras de sangre para realizar las pruebas del VIH y del virus del herpes simple de tipo 2 (VHS-2). Se calculó la prevalencia de la infección por el VIH y la circuncisión en las provincias de Kenia y se registraron las características demográficas y el comportamiento sexual de los hombres circuncidados y no circuncidados, infectados y no infectados con el VIH. Resultados La prevalencia nacional de la infección por VIH en los hombres circuncidados fue del 13,2% (intervalo de confianza del 95%, IC: 10,8 -15,7) comparada con el 3,9% (IC 95%: 3,3 -4,5) entre los hombres circuncidados. La provincia de Nyanza tuvo el mayor número estimado de hombres no circuncidados y no infectados por el VIH (esto es, 601 709), seguida por la provincia Rift Valley, Nairobi y la provincia Occidental, respectivamente, y la mayoría de ellos pertenecía a la tribu étnica Luo. De esos hombres, el 77,8% no conocía su estado serológico y el 33,2% estaba infectado con el VHS-2. Además, el 65,3% había mantenido relaciones sexuales sin protección con una pareja serodiscordante o que no conocía su estado serológico en los últimos 12 meses y sólo el 14,7% había empleado preservativos de manera sistemática con su pareja más reciente. No obstante, sólo el 21,8% de los hombres circuncidados e infectados por el VIH con edades entre los 15 y los 19 años era sexualmente activo. Conclusión La estrategia de circuncisión masculina en Kenya debería centrarse en las provincias con el mayor número de hombres no circuncidados y no infectados por el VIH y dirigirse a los hombres jóvenes antes o poco después de la primera relación sexual.
